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Detailed schedule
Thursday, February 27th
8:00

Registration opens

8:50

Welcome

9:00 – 10:00

Session 1
Chair: Ludvig Lizana, Umeå University, Sweden

9:00

Keynote: Martin Howard, John Innes Centre, UK
Dissecting the mechanistic basis of Polycomb epigenetic memory: fusing
mathematical modelling with experiments

9:40

Marcel Tarbier, SciLifeLab, Stockholm University, Sweden
Dissecting gene regulation at the single-cell level

10:00 – 10:30

Coffee break

10:30 – 11:55

Session 2
Chair: Francesca Aguilo, Umeå University, Sweden

10:30

Plenary: Cristian Bellodi, Lund University, Sweden
Selective translation control by pseudouridine-modified tRNA fragments in stem and
cancer cells

11:00

Cyrinne Achour, Umeå University, Sweden
Investigation of a Non-Canonical Role for METTL3 in Breast Cancer

11:20

Simon Elsässer, SciLifeLab, Karolinska Institutet, Sweden
High resolution mapping of native G-quadruplexes in the mammalian genome

11:40

Angela Garding, Covaris (sponsored)
Standardizing chromatin sample preparation for epigenomics applications

11:55 – 13:30

Lunch at Universum

13:30 – 15:20

Session 3
Chair: Yuri Schwartz, Umeå University, Sweden

13:30

Keynote: Lluis Morey, University of Miami, USA
Epigenetic mechanisms in breast cancer

14:10

Juan Ignacio Barrasa López, Umeå University, Sweden
Human Polycomb Complexes: Aiming the target

14:30

Patrick Nylund, Uppsala University, Sweden
A distinct metabolic response defines sensitivity to EZH2 inhibition in multiple
myeloma

14:50

Plenary: Francisca Lottersberger, Linköping University, Sweden
Nuclear architecture influences chromatin mobility and DNA damage repair

15:20 – 15:50

Coffee break

15:50 – 17:15

Session 4
Chair: Åsa Strand, Umeå University, Sweden

15:50

Plenary: Claudia Köhler, Swedish University of Agricultural Sciences, Sweden
Domesticated transposable elements regulate imprinted genes in plants
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16:20

Marti Quevedo Calero, Umeå University, Sweden
Interplay between epigenetics and cellular metabolic state during the establishment
of photosynthesis

16:40

Roshan Vaid, Stockholm University, Sweden
Release of promoter-proximal paused Pol II in response to histone deacetylase
inhibition

17:00 – 17:20

Pitch your poster
•
•
•
•
•
•
•
•
•
•

Pamela Akuwudike, Stockholm University, Sweden
Long term effects of fractionated radiation exposure on cancer induction in
normal cells
Alba Atienza-Párraga, Uppsala University, Sweden
The rewiring of the multiple myeloma epigenome underlies its sensitivity to
DNMT and EZH2 inhibition.
Nidal Ghosheh, University of Skövde, Sweden
DNA hypermethylation underlies the suppression of important ADME genes
in human pluripotent stem cells derived hepatocytes
Thomas Grundström, Umeå University, Sweden
Regulation of differential DNA damage and repair in diversification and
affinity maturation of antibodies
Lucas Hedström, Umeå University, Sweden
Zooming in Hi-C maps with Convolutional Neural Networks
Johan Henriksson, Umeå University, Sweden
Predicting regulators of T helper cell gene expression
Shujing Liu, Swedish University of Agricultural Sciences, Sweden
Histone H2A ubiquitination is not required for PRC1-mediated H3K27 trimethylation in the liverwort Marchantia polymorpha
Lovisa Örkenby, Linköping University, Sweden
Early embryonic heat shock results in rapid changes of small non-coding
RNA and long-term epigenetic memories in Drosophila
Denise Rawcliffe, Umeå University, Sweden
Binding partners of autosome-specific POF protein in Drosophila
melanogaster
Kanwal Tariq, Stockholm University, Sweden
Non-coding transcripts, IGS32as and IGS38s, regulate rDNA and upstream
spacer promoter

18:00 – 19:00

Private visit at Bildmuseet

19:00 – 21:00

Poster Session (Bildmuseet)
Dinner and drinks will be served
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Friday, February 28th
8:30-10:05

Session 5
Chair: Silvia Remeseiro, Umeå University, Sweden

8:30

Keynote: Ana Losada, CNIO, Spain
Two distinct cohesin complexes with specialized functions in genome folding

9:10

Andreas Hörnblad, Umeå University, Sweden
PAN-AMPK activator O304 reverts gene expression changes and remobilisation of
histone marks in diet-induced obese mice

9:30

Peter Svensson, Karolinska Institutet, Sweden
HIV-1 and chromatin: hiding from the cells defense systems by impersonating an
enhancer

9:50

Sarantis Chlamydas, Active Motif (sponsored)
Epigenetics in the era of Omics

10:05-10:30

Coffee break

10:30 – 11:55

Session 6
Chair: Jan Larsson, Umeå University, Sweden

10:30

Plenary: Claudia Kutter, Karolinska Institutet, Sweden
Slimming down liver cancer cells with lincRNAs

11:00

Klaus Tangsgaard, New England Biolabs (sponsored)
Enzymatic Methyl-Seq: Next Generation Methylomes

11:15

Galina Zheleznyakova, Karolinska Institutet, Sweden
Genome-wide small non-coding RNA analysis in patients with Multiple Sclerosis

11:35

Jingwen Wang, SciLifeLab, Karolinska Institutet, Sweden
Improved transcriptome annotation and read-through transcript identification with
TIF-Seq2

11:55 – 13:00

Lunch at KBC

13:00 – 14:40

Session 7
Chair: Yuri Schwartz, Umeå University, Sweden

13:00

Keynote: Xin Chen, Johns Hopkins University, USA
Breaking symmetry: asymmetric histone inheritance

13:40

Sandhya Malla, Umeå University, Sweden
Interplay between Histone regulation and DNA methylation

14:00

Malin Ueberschår, Stockholm University, Sweden
BEN-solo factors partition active chromatin to ensure proper gene activation in
Drosophila

14:20

Poster Prize and Concluding Remarks
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Keynote speakers
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Feb 27
9:00

Dissecting the mechanistic basis of Polycomb epigenetic
memory: fusing mathematical modelling with experiments
Martin Howard
John Innes Centre, UK

Enormous progress has been made in recent years in understanding the basis of
epigenetic regulation. Our ability to interrogate epigenetic dynamics at a genomic
scale, often using sophisticated bioinformatic tools, has been central to this step
change. Nevertheless, many questions concerning the fundamentals of epigenetic
memory remain unanswered. In this talk, I will present an alternative approach
based on dissecting regulatory control at individual loci through a fusion of predictive, mechanistic mathematical modelling and single gene experiments. Such an
approach has provided novel mechanistic insight and has allowed us to move beyond the correlative analyses frequently provided by epigenomic approaches. I will
illustrate the modelling approach through our recent work dissecting the regulation
of the Polycomb-target gene FLC in Arabidopsis, which is environmentally silenced
by long-term cold exposure. In particular, I will emphasize the digital nature of the
silenced state vital for long-term memory storage. I will also present simple models
for how such bistable on/off states can be nucleated and maintained locally in the
chromatin, and how such states can buffer bursty transcriptional events. I will also
show recent results revealing that there may be additional factors responsible for
Polycomb-based epigenetic memory storage beyond histone modifications.
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Epigenetic mechanisms in breast cancer
Lluis Morey
University of Miami, USA

Polycomb-group (PcG) proteins play essential roles in regulating genes required for
cell lineage specification and embryonic development. Alterations in the expression, and mutations of Polycomb genes have long been linked to the occurrence
of different cancer types. PcG proteins from at least two distinct complexes, the
Polycomb-repressive complexes 1 and 2 (PRC1 and PRC2). Traditionally, PcG
complexes have been associated with maintenance of gene repression mainly via
histone-modifying activities. However, during the last years, increasing evidence indicate the PcG complexes can also positively regulate gene transcription in multiple
biological processes, cellular stages and in cancer. We recently showed we show that
RNF2, encoding RING1B, and other PRC1 genes are overexpressed in breast cancer. While PRC1 still exerts its repressive function, it is also recruited to oncogenic
active enhancers. Mechanistically, we found that PRC1 complexes functionally associate with ERa and its pioneer factor FOXA1 in ER+ breast cancer cells, and
with BRD4 in triple-negative breast cancer cells (TNBC). I will discuss our progress
towards understanding the RING1B-mediated molecular mechanisms in ER+ breast
cancer. Also, I will present our efforts in identifying and characterizing new potential
therapeutic targets in endocrine-resistant breast cancers.
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Feb 27
13:30

Feb 28
8:30

Two distinct cohesin complexes with specialized functions
in genome folding
Ana Losada
CNIO (Spanish National Cancer Research Center), Spain

Cohesin is an evolutionary conserved Structural Maintenance of Chromosomes (SMC)
complex that entraps DNA. Although it was initially identified for its role in sister
chromatid cohesion, more recent studies have shown that cohesin plays also a central role in the spatial organization of the genome. Two variant cohesin complexes
containing SMC1, SMC3, RAD21 and either STAG1 or STAG2 are present in all
cell types of vertebrate organisms. While cells in culture lacking either complex are
viable, murine embryos require both cohesin-STAG1 and cohesin-STAG2 to fulfill
their development. In my talk, I will describe recent efforts in my group to understand the specific functions of these two cohesin variant complexes, with particular
emphasis on their roles in 3D genome organization and gene regulation.
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Breaking symmetry: asymmetric histone inheritance
Xin Chen
Johns Hopkins University, USA

Many types of stem cells undergo asymmetric cell divisions to give rise to daughter
cells with distinct cell fates: one that retains stem cell identity and another that
differentiates. During asymmetric cell division, the genomic information is preserved
through DNA replication followed by equal partition to the two daughter cells. A
long-standing question has been how the epigenetic information of a stem cell is
transferred to the daughter cells. We found that epigenetic information is inherited
asymmetrically during asymmetric stem cell divisions in multiple stem cell lineages
in Drosophila. We have proposed a two-step model to explain asymmetric epigenetic
inheritance. (1) Prior to mitosis, preexisting and newly synthesized histones are
differentially distributed on the two sets of sister chromatids. (2) During stem
cell asymmetric division, the two sets of sister chromatids enriched with distinct
populations of histones are asymmetrically segregated. Our recent studies shed
light on both steps and will be discussed. The generality of these mechanisms used
in other stem cell systems or asymmetrically dividing cells will be further discussed.
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Feb 28
13:00

Plenary speakers

14

Selective translation control by pseudouridine-modified
tRNA fragments in stem and cancer cells
Cristian Bellodi
Lund University, Sweden

Emerging evidence highlighted the importance of RNA modifications in governing genetic information in development and disease. RNA pseudouridylation (Ψ),
the most abundant single nucleoside RNA modification in living organisms, is catalyzed by evolutionarily conserved pseudouridine synthases (PUSs). Although Ψ is
widespread on different types of noncoding (nc) and coding RNAs, its biological role
remains incompletely understood. Exciting research from our group has recently uncovered a critical role of the multi-substrate Ψ ”writer” PUS7 in directing protein
synthesis and stem cell fate. PUS7 drives Ψ-dependent activation of novel endogenous tRNA-derived fragments (tRFs), denoted mTOGs, which modulate translation
rates by binding to the poly-A binding protein (PABP1) and inhibiting eukaryotic
initiation factor 4F (eIF4F)-complex formation. Here, I will present new evidence for
the mechanism by which mTOGs selectively regulate protein synthesis in stem cells.
Using ribosome profiling to assess PUS7-driven translation dynamics genome-wide
in human embryonic stem cells, we show that pseudouridylated mTOGs exquisitely
repress specific subset of mRNAs sharing a 5’ terminal oligopyrimidine (TOP) motif including ribosomal proteins and other translation-associated factors. Our data
indicate that Ψ may dictate mTOG repressive activity toward 5’TOP mRNA translation through selective structural rearrangements required for PABP1 binding. We
are currently coupling computational with biochemical analysis to determine the
contribution of Ψ on mTOG secondary structure and function in physiological and
disease context. Together these studies will unravel the Ψ-driven ncRNA program
that impacts the stem cell translatome with potentially broad clinical implications.
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Feb 27
10:30

Feb 27
14:50

Nuclear architecture influences chromatin mobility and
DNA damage repair
Francisca Lottersberger
Linköping University, Sweden

DNA Damage Response (DDR) is fundamental to prevent mutagenesis and cancer
development. One of the most dangerous DNA lesions is a DNA Double Strand
Break (DSB) and eukaryotic cells have evolved highly regulated pathways to repair
it. Failures in these processes lead to genome instability and tumorigenesis. We
previously identified dynamic cytoplasmic microtubules and the nuclear transmembrane LInker of Nucleoskeleton and Cytoskeleton (LINC) complex as key regulators
of chromatin mobility at the sites of DNA damage, together with the chromatin
binding factor 53BP1. We also demonstrated that deficiencies in promoting the
roaming of the chromatin in the nucleus delay the repair of DSBs that are distal. In
a continuation of this published work, we now show that a reduction of the nuclear
stiffness due to LMNA/C deletion increases chromatin mobility and aberrant repair
of distal DSBs, while changes in global histone acetylation levels impair DSBs mobility, highlighting the importance of both nuclear membrane structure and chromatin
organization in chromatin mobility during DDR.
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Domesticated transposable elements regulate imprinted
genes in plants
Claudia Köhler
Swedish University of Agricultural Sciences, Sweden

Genomic imprinting is an epigenetic phenomenon altering the activity of parental
alleles depending on their parent-of-origin. In flowering plants, imprinting is mainly
confined to the endosperm, an embryo supportive tissue similar to the placenta in
mammals. Epigenetic imprints are established during gamete formation; however,
the determining factors for imprinting establishment remain obscure. We identified the MADS-box transcription factor PHERES1 as master regulator of imprinted
gene expression in the flowering plant Arabidopsis thaliana, especially of paternally
expressed genes, which have been previously implicated in endosperm development.
Control of imprinted gene expression by PHERES1 is mediated by parental asymmetry of epigenetic modifications in PHERES1 DNA-binding sites, conferring different accessibilities to maternal and paternal alleles. Importantly, the DNA-binding
motifs used by PHERES1 to access gene promoters are carried by RC/Helitron
transposable elements, providing an example of molecular domestication of these
elements. Thus, transposable elements are intrinsically linked to imprinting and
endosperm development, not only by enforcing specific epigenetic landscapes, but
also by serving as important sources of cis-regulatory elements.
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Feb 27
15:50

Feb 28
10:30

Slimming down liver cancer cells with lincRNAs
Claudia Kutter
Karolinska Institute, Sweden

Aberrant gene regulation is steadily increasing when a healthy cell transforms into
cancer cells. Many factors, including RNA binding proteins (RBPs), control cellular growth, differentiation and metabolic activity. We found higher RBP gene
expression levels across 21 cancer types, which negatively affected survival and suggested common effects during cancerogenesis. By integrating various information
from published datasets, we curated a list of 2.300 proteins able to bind RNA in
liver. Of those, we found 49 commonly deregulated in two separate hepatocellular carcinoma (HCC) cohorts and two human HCC cell lines. Mounting evidences
suggest that the cellular effects underlying RBP activity can be explained, in part,
via their interaction with long non-coding RNAs (lncRNAs). Upon reduction of the
expression of the top 10 deregulated RBP genes and subsequent sequencing of the
RNA population, we identified 193 differentially expressed ncRNAs, including 34
annotated lncRNAs. Additionally, we found 48 potential novel lncRNAs that have
not previously been reported. CRISPRa-mediated overexpression of four known and
two novel lncRNAs had major effects on the transcriptome of liver cancer cells and
the number of viable metabolically active cancer cells. One of these lncRNA-RBP
interactions affected lipid metabolism. Subsequent functional assays revealed that
the perturbation of the interaction leads to increased peroxidation and decreased
lipid accumulation in vitro. Taken together, we have demonstrated that several
specific RBPs are deregulated in HCC, and many exert their effects via lncRNAs.
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Feb 27
9:40

Dissecting gene regulation at the single-cell level
Marcel Tarbier
Stockholm University, SciLifeLab, Sweden

Single-cell technologies enable studies of cellular heterogeneity and lead to countless
regulatory and functional insights. However quantitative studies of intrinsic gene
covariances have often been confounded with extrinsic effects, such as cell cycle or
differentiation. Using a tailored experimental approach and quantitative single-cell
RNA sequencing we show that intrinsic gene set covariances between single-cells
can be used to quantify the impact of regulatory layers such as nuclear proximity, transcription factor and microRNA regulation and even allow for regulatory
predictions. We further show that in embryonic stem cells proximity-related coexpression is not disrupted by TAD boundaries a finding that we put in context
of recent single-cell epigenomic studies. We next set out to investigate to what
extent gene expression covariation translates from the RNA to the protein level.
Since current technologies for single-cell RNA and protein co-profiling were either
limited to surface proteins (e.g. CITE-seq) or had limited throughput (e.g. RAID)
we developed SPARC, a technology that allows for the simultaneous quantification
of the entire poly-adenylated transcriptome and close to 100 distinct proteins in
hundreds of single-cells. SPARC is not limited by protein location, does not require
fixation, is highly quantitative, and is easily scalable. Using SPARC we show that
covariances induced by some regulators indeed translate to the protein level whereas
others specifically deplete protein covariances among their targets. Finally we show
that while transcription factor protein expression covaries with the RNA expression
of its targets in both steady-state and dynamic development conditions transcription factor RNA expression is by no means predictive of target RNA expression.
Altogether we present regulatory insights that were enabled by single-cell gene set
covariances, and present a novel method to co-profile RNA and proteins within the
same single cells.
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Investigation of a Non-Canonical Role for METTL3 in
Breast Cancer
Cyrinne Achour
Umeå University, Sweden

Breast cancer is the most frequently diagnosed cancer and the main cause of cancer
death among women. Dissecting the cellular mechanism that triggers the tumorigenicity of breast cancer becomes important in terms of finding novel therapeutic
targets. N6-methyladenosine (m6A) is the most abundant internal modification in
messenger RNA (mRNA) and long non coding RNA (lncRNA), and plays important
roles in RNA homeostasis. m6A regulates a plethora of genes by modulating mRNA
stability, splicing, export, and translation. m6A is deposited by a heterodimer consisting of the catalytic active methylase Methyltransferase-Like 3 (METTL3) and the
non-catalytic active methylase Methyltransferase-Like 14 (METTL14), which interacts with adaptor proteins Wilms’ Tumor 1 Associating Protein (WTAP), Vir-like
m6A Methyltransferase (VIRMA), RNA-Binding protein 15 (RBM15), Zinc Finger
CCCH domain-containing Protein 13 (ZC3H13) and Cbl Proto-Oncogene Like 1
(CBLL1). m6A is a reversible modification, and the demethylation is mediated by
AlkB Homolog 5 (ALKBH5) and Fat mass and Obesity-associated protein (FTO).
The m6A mark is recognized by various RNA binding proteins, which dictates the
cellular mRNA fate. m6A plays important role in cell fate and lineage transition in
embryonic stem cells, and dysregulations of m6A homeostasis have been shown to be
involved in different types of cancer including glioblastoma, lung and breast cancer.
To elucidate how METTL3 can contribute to breast tumorigenesis, we characterized
METTL3 and showed that METTL3 is upregulated in breast cancer cell lines and
promotes cell proliferation in vitro and metastasis in vivo. Furthermore, we showed
that METTL3 is essential in breast cancer cells in vitro. Herein, we also identified
a non-canonical function for METTL3 which uncovers a novel functional pathway
that may contribute to breast cancer.
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Feb 27
11:00

Feb 27
11:20

High resolution mapping of native G-quadruplexes in the
mammalian genome
Simon Elsässer
Karolinska Institute, SciLifeLab, Sweden

Single-stranded genomic DNA can fold into G-quadruplex (G4) structures or form
DNA:RNA hybrids (R loops). Recent evidence suggests that such non-canonical
DNA structures affect gene expression, DNA methylation and genome stability.
Where, when and how G4 structures form remains unclear. Here we report the
use of a recently developed Cleavage Under Targets and Tagmentation (CUT&Tag)
for mapping native G4 and R loops in mammalian cell lines at high resolution and
low background. Mild native conditions used for the procedure retain more G4
structures than ChIP-based methods. We show that the method can be adapted to
low cell numbers, has a higher resolution and signal-to-noise ratio as compared to
G4-ChIP and various R-loop mapping techniques.
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Standardizing chromatin sample preparation for
epigenomics applications
Angela Garding
Covaris (sponsored)

Mapping the epigenetic landscape as well as spatial chromatin organisation is essential for understanding gene regulatory mechanisms and holds huge potential for
identification of biomarkers and targets for epigenetic therapy.However, existing
chromatin preparation workflows introduce significant variability due to partial cell
lysis, inconsistent fragment sizes and epitope loss. Reliable sample preparation is
key to uncover the regulatory landscape, especially when working with scarce samples or looking into binding kinetics of non-abundant chromatin regulators. We
present a fast, easy and scalable workflow which results in high quality sheared
chromatin from virtually any sample type including cultured cells, primary cells,
organoids, fresh-frozen tissue as well as FFPE (formalin-fixed, paraffin embedded)
tissue samples.We will highlight how Covaris truChIP and Adaptive Focused Acoustics (AFA) technology enable- Optimized cell lysis and nuclei isolation- Streamlined
and easy chromatin shearing from diverse sample types- A high throughput chromatin shearing platform in 96 well format- Epigenomics assays which aim to unravel
DNA methylation patterns, Chromatin-ncRNA interactions and 3D chromatin organization.
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Feb 27
11:40

Feb 27
14:10

Human Polycomb Complexes: Aiming the target
Juan Barrasa
Umeå University, Sweden

Polycomb group proteins represent the major epigenetic regulatory system in multicellular organisms. They act as transcriptional repressors and their miss-expression
is known to cause developmental abnormalities and has been linked to several types
of cancer. Polycomb proteins form multiprotein complexes that can be grouped in
two main classes: Polycomb Repressive Complexes 1 and 2 (PRC1 and PRC2). The
histone modifications deposited by PRC1 and PRC2, H2AK119Ub and H3K27me3
respectively, are associated with transcriptional repression but neither of them is sufficient to recruit PRC complexes to their target genes. In contrast to the well-known
Drosophila Polycomb Response Elements (PREs), little is known about Polycomb
targeting in mammals. CpG rich sequences have been linked to PRC2 recruitment,
but molecular details of the process are unclear and no DNA elements have been
identified to target mammalian PRC1.Recently, our group identified a 1kb DNA
element upstream of the human Cyclin D2 (CCND2) gene promoter that can autonomously recruit PRC1 but little PRC2. This PRC1 targeting element (PTE)
together with adjacent CpG island that tethers PRC2 (PRC2 occupied CpG island,
POC), resembles Drosophila PREs. Here, using genome-wide analyses and transgenic assays, we demonstrate that this PTE-POC model is not unique for CCND2
but represents a common feature of human Polycomb target genes. Unexpectedly,
we have also identified CpG rich sequences that recruit PRC2 in the absence of
PRC1 (standalone POCs). Finally, our genome-wide sequence analyses revealed a
”CGA” motif significantly enriched in PTEs. Mutation of this motif in transgenic
assays demonstrate that it contributes to PRC1 binding. Taken together, our findings help to understand the mechanisms involved in Polycomb targeting, including
the interdependence between PRC1 and PRC2, and the identification of specific
DNA sequence elements and their corresponding DNA binding factors.
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A distinct metabolic response defines sensitivity to EZH2
inhibition in multiple myeloma
Patrick Nylund
Uppsala University, Sweden

Multiple myeloma (MM) is a genetically heterogeneous haematological disease that,
despite novel therapies, remains clinically challenging. Increased activity of the
epigenetic silencer EZH2 is a common feature in patients with poor prognosis. Previous findings have demonstrated that metabolic profiles can be sensitive markers
for responses to treatment. Here, we coupled LC-MS with gene expression profiling
on human MM cell lines in order to analyse the effects of EZH2 inhibition on the
MM metabolome. Our data demonstrate that despite loss of H3K27me3 after EZH2
inhibition, there is a subset of MM cell lines that remain unaffected. Comparison
between the two differentially sensitive groups demonstrates a distinct metabolic
signature associated with the cellular response to EZH2 inhibition. We suggest that
a dysregulation of cellular pathways linked with methionine cycling causes DNA
double strand breaks, demonstrated by increased γ-H2AX, and homocysteine accumulation, likely inducing cellular toxicity by prompting S/G2 arrest and apoptosis.
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Feb 27
14:30

Feb 27
16:20

Interplay between epigenetics and cellular metabolic state
during the establishment of photosynthesis
Marti Quevedo
Umeå University, Sweden

Plants are photoautotroph organisms that harness light and turn it into chemical energy to sustain themselves. This essential process is called photosynthesis
and occurs in chloroplasts, highly specialized organelles that, like mitochondria,
contain their own genome. Due to the endosymbiotic origin, the photosynthetic
machinery is built using proteins encoded both in the nucleus and plastids. In
our laboratory we are interested in elucidating the regulatory networks that synchronize the different genomes in the plant cell with a special focus on changes
in the metabolic state. In particular, we use the process of chloroplast development and establishment of photosynthesis as a model for the metabolic transition
from heterotrophy to photoautotrophy. Our work has demonstrated that besides an
initial anterograde (nucleus-to-organelle) light-dependent transcriptional response,
a second phase where a retrograde (organelle-to-nucleus) signal originating in the
chloroplast and controlling nuclear gene expression is essential to progress towards
a fully photosynthetically competent plant cell. We have preliminary results that
this retrograde signal mediates epigenetic changes at photosynthesis loci. Therefore, we performed genome-wide analysis of the chromatin landscape through the
distribution of important histone marks such as H3K9me2, H3K27me3, H3K4me3
and H3K27ac during key time points through the establishment of photosynthesis.
By integrating genomics, proteomics and metabolomics we will identify key players involved in the establishment of photosynthesis, while unravelling the interplay
between cellular metabolic state and chromatin dynamics using a dramatic shift in
metabolic state, as the transition from a sink to source cell.
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Release of promoter-proximal paused Pol II in response to
histone deacetylase inhibition
Roshan Vaid
Stockholm University, Sweden

A correlation between histone acetylation and transcription has been noted for a long
time, but little is known about what step(s) in the transcription cycle is influenced
by acetylation. We have examined the immediate transcriptional response to histone
deacetylase (HDAC) inhibition, and find that release of promoter-proximal paused
RNA polymerase II(Pol II) into elongation is stimulated, whereas transcription initiation is not. Although histone acetylation is elevated globally by HDAC inhibition,
less than 100 genes respond within 10 min. These genes are highly paused, are
strongly associated with the chromatin regulators NURF and Trithorax, display a
greater increase in acetylation of the first nucleosomes than other genes, and become
transcriptionally activated by HDAC inhibition.Among these rapidly up-regulated
genes are HDAC1 (Rpd3) and subunits of HDAC-containing co-repressor complexes,
demonstrating feedback regulation upon HDAC inhibition. Our results suggest that
histone acetylation stimulates transcription of pausedgenes by release of Pol II into
elongation, and that increased acetylation is not a consequence of their enhanced
expression. We propose that HDACs are major regulators of Pol II pausing and
that this partly explains the presence of HDACs at active genes.

27

Feb 27
16:40

Feb 28
9:10

PAN-AMPK activator O304 reverts gene expression
changes and remobilisation of histone marks in diet-induced
obese mice
Andreas Hörnblad
Umeå University, Sweden

One of the hallmarks of Type 2 diabetes (T2D) is the gradual decline in beta-cell
function due to metabolic stress. AMPK activated protein kinase (AMPK) is a
master regulator of energy homeostasis that is activated in conditions of low energy
(e. g. caloric restriction, physical exercise) in response to changes in intracellular
ATP levels. Recent work have shown that activation of AMPK in diet-induced obese
mice by the PAN-AMPK activator O304 improves glucose uptake and ameliorates
beta-cells stress. We here investigate how the activation of AMPK by O304 affects
genome-wide islet gene expression and chromatin marks in diet-induced obese mice
(DIO). To this end RNA-seq and ChIP-seq was performed for islets of Langerhans
collected from DIO-mice treated with O304 during 9 weeks. The data confirm the
improvement of fasting plasma insulin and blood glucose levels, and suggests that
treatment of DIO-mice normalises a large fraction of the genes that are differentially
expressed as compared to lean controls on normal chow. This corroborates previous
data on O304 as a promising novel drug to treat T2D and metabolic syndrome.
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HIV-1 and chromatin: hiding from the cells defense systems
by impersonating an enhancer
Peter Svensson
Karolinska Institute, Sweden

Human immunodeficiency virus type 1 (HIV-1) infection is a chronic condition,
where viral DNA integrates into the genome forming a provirus. Upon integration, nucleosomes form over the provirus and gradually chromatin marks appear
and viral expression is silenced in the so called latently infected cells. These cells
form a persistent, heterogeneous reservoir that at any time can reactivate the HIV-1
provirus and reseed the infection. In the latent statem the provirus does actively
transcribes part of the viral genome but without production of mature spliced mRNAs. To elucidate the mechanisms behind this we employed primary HIV-1 latency
models to study latency establishment and maintenance. We characterized proviral transcription and chromatin development in cultures of resting primary CD4+
T-cells for four months after ex vivo HIV-1 infection. As heterochromatin (marked
with H3K9me3 or H3K27me3) gradually stabilized, the provirus became less accessible with reduced activation potential. However, in a subset of infected cells,
active marks (e.g. H3K27ac) and elongating RNAPII remained detectable at the
latent provirus, despite prolonged proviral silencing. We showed that latent HIV-1
resembles an active enhancer in a subset of resting cells. The enhancer chromatin
actively promotes latency and the enhancer-specific CBP/P300-inhibitor GNE049
was identified as a new latency reversal agent. The division of the latent reservoir
according to distinct chromatin compositions with different reactivation potential
enforces the notion that even though a relatively large set of cells contains the HIV-1
provirus, only a discrete subset is readily able to reactivate the provirus and spread
the infection.
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Feb 28
9:30

Feb 28
9:50

Epigenetics in the era of Omics
Sarantis Chlamydas
Active Motif (sponsored)

Epigenetics, involves an additional layer of information on top of the nucleotide
sequence without changing it. In this contest the study of chromatin could reveal
mechanisms of action of DNA binding transcription factors, protein-protein interactions, mediating changes in gene expression and transcriptome profiling in cases
of human disorders, in different cell types and tissues. Recent studies in the human
disease area , have revealed the importance of epigenetic regulation in specific gene
pathways and cascades.It is clear that a new era of epigenetics study is now possible,
thanks to modern high-throughput techniques such as Hi-C for chromatin conformation studies, ChIP-seq in clinical samples(Biopsies, FFPE), ChIP-seq followed by
Mass Spec, Mass Spec analysis of Histone Modifications (Mod Spec) and ATAC seq.
Recently novel advances in the single cell analysis of the chromatin accessibility have
elucidated differential epigenomic profiling and classification of cell populations in
tissue samples ( sc-ATACseq). These new techniques are mainly dependent upon
high quality, proven reagents and high scientific expertise, suggesting that research
reagents like specific validated antibodies, high performance High though put sonicator (PIXUL) are still as relevant and necessary in this field today as they have
ever been.In this technical talk we will highlight our recent advances in the field of
chromatin biology and gene regulation. We will present an overview of our novel
tools, epigenetic reagents and discuss a series of data generated by our Epigenetics
Services laboratories in the area of drug discovery and human diseases.
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Enzymatic Methyl-Seq: Next Generation Methylomes
Klaus Tangsgaard
New England Biolabs (sponsored)

DNA methylation is important for gene regulation. The ability to accurately identify 5-methylcytosine (5mC) and 5-hydroxymethylcytosine (5hmC) gives us greater
insight into potential regulatory mechanisms. Bisulfite sequencing (BS) is traditionally used to detect methylated C’s, however, BS does have its drawbacks. DNA
is commonly damaged and degraded by the chemical bisulfite reaction resulting in
libraries that demonstrate high GC-bias and are enriched for methylated regions.
To overcome these limitations, we developed an enzymatic approach, NEBNext Enzymatic Methyl-Seq (EM-Seq), for methylation detection.
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Genome-wide small non-coding RNA analysis in patients
with Multiple Sclerosis
Galina Zheleznyakova
Karolinska Institute, Sweden

Multiple Sclerosis (MS) is a severe chronic progressive disease characterized by
autoimmune destruction of myelin and subsequent neuronal death with unknown
etiology. Small non-coding RNAs (sncRNAs) were identified as critical regulators of most biological functions at the transcriptional, post-transcriptional and
RNA-processing level. Given their important role in modulating of immune system function, homeostasis, and autoimmunity development [1], non-coding RNAs
were suggested to be important players in MS development mechanism.We have carried out a genome-wide sncRNA analysis in paired peripheral blood mononuclear
cells, plasma, cerebrospinal fluid (CSF) cells and cell-free CSF from 23 relapsingremitting and 6 secondary-progressive MS patients as well as 5 inflammatory and 11
non-inflammatory other neurological disease controls. For this purpose, we utilized
and technically validated a recently developed whole-genome small non-coding RNA
method [2]. We have uncovered a distinct small non-coding RNA profile between
certain cellular or extracellular compartments. We demonstrated dysregulation of
several classes of sncRNAs, in particular, tRNAs, snRNAs, snoRNAs and miRNAs,
in MS patients. Moreover, we detected distinct patterns of dysregulated sncRNAs
across different compartments with important implications for functional interpretation and biomarker potential. Genome-wide small-noncoding RNA analysis will
provide a novel approach for addressing MS pathology and heterogeneity, for identification of informative biomarkers and possible treatment targets.
References: [1] A. Stachurska, M. Zorro, M. van der Sijde and S. Withoff, Front
Immunol, 2014, 5:513. [2] O. Faridani, I. Abdullayev, M. Hagemann-Jensen, J-P.
Schell, F. Lanner and R. Sandberg, Nat Biotech, 2016, 34:1264.

32

Improved transcriptome annotation and read-through
transcript identification with TIF-Seq2
Jingwen Wang
SciLifeLab, Karolinska Institute, Sweden

Eukaryotic transcriptomes are complex involving thousands of overlapping transcripts. The interleaved nature of the transcriptome complicates its annotation,
limits our ability to identify regulatory regions and, in some cases, can lead to misinterpretation of gene expression. To improve the annotation of complex genomes,
we have developed an optimized method, TIF-Seq2, able to sequence simultaneously
the 5’ and 3’ end of individual mRNA molecules at single-nucleotide resolution. We
investigate the transcriptome of a well characterized human cell line (K562) and
identify thousands of new transcript isoforms. By focusing on RNAs challenging
to investigate with RNA-seq, we accurately define boundaries of lowly expressed
intergenic and read-through transcripts. We validate those novel features in cell
lines and in Chronic Myeloid Leukaemia patients. Our results demonstrate that
TIF-Seq2 improves the annotation of complex genomes facilitating the assignment
of promoters to genes and the identification of transcriptionally fused proteins.
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Interplay between Histone regulation and DNA methylation
Sandhya Malla
Umeå University, Sweden

Understanding the role of histone modifications and histone modifier enzymes in
embryonic stem cells (ESCs) and during differentiation is crucial to understand the
basis of pluripotency and development. Lysine-specific demethylase 1 (LSD1, also
known as KDM1, AOF2) demethylates mono- and di-methylated H3K4 and H3K9.
Genetic studies in multiple model systems have shown that LSD1 is an essential
player in developmental processes. However, the role of LSD1 in ESC self-renewal
and differentiation is not fully elucidated yet. To understand the role of LSD1
in ESCs, we have generated LSD1 knock out (KO) cells by using CRISPR/Cas9
technology. Loss of LSD1 is associated with growth defects and an increase in
partially differentiated cells. Furthermore, deletion of LSD1 resulted in increased
mono-methylation of H3K4 and progressive loss of global DNA methylation (5methylcytosine and 5-hydroxymethylcytosine). We have also performed immunoprecipitation experiments with endogenous LSD1, followed by liquid chromatographytandem mass spectrometry (LC-MS/MS) and identified CHD7 as a novel interacting partner of LSD1. Importantly, subcellular fractions analysis and ChIP-qPCR
showed a high enrichment of CHD7 in the chromatin of LSD1 KO ESCs. Our future work aims to investigate how lysine demethylation influences DNA methylation
levels and understand the implication of CHD7 on chromatin remodelling.
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BEN-solo factors partition active chromatin to ensure
proper gene activation in Drosophila
Malin Ueberschår
Stockholm University, Sweden

Insulator proteins form DNA-protein complexes that mediate or limit the interaction
between different parts of the genome. However, neither their structural importance
for chromatin maintenance nor their roles in transcriptional regulation are fully explored. The Drosophila genome encodes three BEN-solo proteins including Insensitive (Insv), Elba1 and Elba2, that can bind DNA with their BEN-domain. They
possess activities in transcriptional repression and chromatin insulation. A fourth
protein -Elba3- bridges Elba1 and Elba2 to form an ELBA complex. Analyzing
the genome-wide binding sites for Insv and ELBA, we found that Elba1 and Elba2
binding generally requires the whole ELBA complex, while Elba3 can associate with
chromatin independently of Elba1 and Elba2. Insv sites partly overlap with ELBA
bound sites but also bind a different set of loci. We demonstrated that ELBA collaborates with other insulators to regulate developmental patterning. Importantly,
we find that the adjacent gene pairs separated by an ELBA bound sequence become less differentially expressed in ELBA mutants. Transgenic reporters confirm
the insulating activity of ELBA- and Insv-bound sites. These findings define ELBA
and Insv as general insulator proteins in Drosophila and demonstrate the functional
importance of insulators to partition transcription units on a genome-wide scale.
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Long term effects of fractionated radiation exposure on
cancer inducation in normal cells
Pamela Akuwudike, Milagrosa López Riego, Lovisa Lundholm and Andrzej Wojcik
Stockholm University, Sweden

The mechanisms of radiation carcinogenesis are not fully understood, especially in
cells and tissues exposed to high radiation doses as encountered during radiotherapy. What is the competitive relationship between cell killing and the induction of
carcinogenic mutations? This question is relevant for modelling the risk of second
malignant neoplasms (SMN). To answer these questions, we use primary human
VH10 fibroblasts and have designed a fractionation scheme based on preliminary
data, which permits optimum cell survival and enables accumulation of high doses
of irradiation. Our fractionation scheme involved irradiating cells for three weeks (9
fractions), 3 times a week with 48 hrs intervals between fractions and 72 hrs interval
between weeks. Cells were irradiated at different doses per fraction; 0.25, 0.5, 1
and 2 Gy/fraction, and passaged 6 hrs after the last fraction every week. At the
end of the third week, the cells were passaged for another 30 days post fractionated
irradiation, and the endpoints assayed were cell growth, cell survival, DNA damage
repair using γ-H2AX assay, and the accumulation of stable chromosomal aberrations using FISH. In general, comparing the cell growth curves for the duration of
experiment indicates slower growth of irradiated cells, and this lag in cell growth
was proportional to the increase in dose per fraction and accumulation of total dose.
However, comparing cell growth curves post fractionated irradiation showed that
cells treated at dose gradients 0.25 and 0.5 Gy/fraction had a similar growth rate as
control cells despite accumulating a total dose of 2.25 Gy and 4.5 Gy respectively,
but cells treated at higher doses per fraction were much slower (1 Gy/fraction) or
were not growing (2 Gy/fraction). We also observed a similar trend 10 days post
fractionated radiation using colony forming assay. Clonogenic survival assay did
not indicate any difference in survival of cells treated at any dose gradient (0.25 - 1
Gy/fraction) or t
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The rewiring of the multiple myeloma epigenome underlies
its sensitivity to DNMT and EZH2 inhibition.
Alba Atienza-Párraga, Klev Diamanti, Patrick Nylund, Aron Skaftason, Anqi Ma,
Jian Jin, José Ignacio Martı́n-Subero, Fredrik Öberg, Jan Komorowski, Helena
Jernberg-Wiklund and Antonia Kalushkova
Uppsala University, Sweden

Multiple myeloma (MM) is characterized by an overexpression of EZH2 and a subsequent increase in H3K27me3-mediated silencing. However, the genome-wide redistribution of this mark in context with other epigenetic tags remains largely unexplored. Here, we show that EZH2 physically interacts with DNMT1 and that
combined inhibition leads to a reduced G2/M arrest and increased apoptosis in
MM. In addition, we present a catalogue of the genomic regulatory regions in normal plasma cells (NPC) as defined by their individual combination of histone marks.
We used ChIP-seq and ATAC-seq data to generate whole-genome NPC chromatin
annotations which we further analysed using DNA methylation arrays and RNAseq. Comparison between NPC and MM demonstrated that, despite the global
hypomethylation, enhancers show a tendency towards a higher DNA methylation
levels in MM, whereas Polycomb and heterochromatic sites, highly methylated in
NPC, show intermediate levels of the mark. Across all examined regulatory regions,
5-azacytidine treatment strongly reduced DNA methylation in MM. Furthermore,
we find an extensive re-structuration of the global histone patterns in MM. We
noticed a widespread increase in H3K27me3 except at active TSSs/promoters and
enhancers, where we found a selective gain of the mark, suggestive of a directed
silencing. In contrast, poised TSSs lose H3K27me3 and gain the activation mark
H3K27ac, reflecting potential activation. Taken together, we present a comprehensive map of the epigenomic changes in MM as compared to NPC and provide insights
into the interplay between EZH2 and DNMT1 in MM.
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DNA hypermethylation underlies the suppression of
important ADME genes in human pluripotent stem cells
derived hepatocytes
Nidal Ghosheh, Benjamin Ulfenborg, Susanna Larsson, Barbara Küppers-Munther
and Jane Synnergren
University of Skövde, Sweden

Human pluripotent stem cells derived hepatocytes (hPSC-HEP) are anticipated to
replace current models in various fields including regenerative medicine, drug discovery and development. Although, the hPSC-HEP share many features with their
in vivo counterparts there are still some essential hepatocyte functionalities that
need to be improved to fully employ these cells in advanced applications. In our
previous study, we performed extensive transcriptomics analysis applying whole human transcriptome microarrays on hPSC-HEP and adult liver tissue (AL). The
results revealed that the gene expression of most of the adsorption, distribution,
metabolism, and excretion (ADME) genes in hPSC-HEP were at comparable levels to AL. However, we identified a module of drug metabolizing enzymes (AOX1,
CYP2E1, CYP2C9, CYP2B6, CYP2A6, CYP4A11, and UGT2B4) that was significantly downregulated in hPSC-HEP compared to AL. In this study, we performed
genome-wide DNA methylation analysis applying the Infinium MethylationEPIC
bead chips on hPSC-HEP and AL. Interestingly, we observed that 72% of the differentially methylated genes were also differentially expressed between hPSC-HEP and
AL, including many differentially expressed ADME genes. Moreover, the association
between the level of methylation and the transcriptional regulation of these genes
was statistically significant, indicating that the level of methylation of downregulated genes is higher than the level of methylation in upregulated genes. Furthermore, the results revealed hypermethylation of all genes comprising the module of
the drug metabolizing enzymes identified in our previous study. Our results suggest
that hypermethylation of some ADME genes may contribute to the deviation in
functionality between hPSC-HEP and AL, which should be taken into consideration
when modifying the differentiation protocols to produce hPSC-HEP with improved
functionality.
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Regulation of differential DNA damage and repair in
diversification and affinity maturation of antibodies
Thomas Grundström, Christine Grundström, Anjani Kumar, Anshu Priya, Neema
Negi and Jannek Hauser
Umeå University, Sweden

B lymphocytes optimize antibody responses by somatic hypermutation (SH) that
introduces point mutations in the variable regions of the antibody genes and by
class switch recombination (CSR) that changes the expressed constant region exon
of the immunoglobulin heavy chain (IgH). These antibody diversification processes
are initiated by the RNA binding enzyme Activation-Induced Cytidine Deaminase
(AID) followed by many DNA repair enzymes leading to the deletions and a high
mutation rate in the antibody genes, whereas the DNA is repaired with low error
rate on most other genes. The trans-acting factors mediating specific targeting of
AID and thereby SH and CSR have remained elusive. We show that AID is together
with the transcription factors E2A, PAX5, ETS1 and IRF4 in a complex on key sequences of the Igh locus in B cells activated to SH and CSR. Direct protein-protein
interactions enable formation of the complex. B cell receptor (BCR) activation,
which signals end of successful SH but not end of CSR, redistributes the complex
on the Igh locus through binding of the Ca2+-sensor protein calmodulin to E2A.
We show also that initiation of SH/CSR leads to formation of a complex between
many proteins in DNA repair. Furthermore, we show increased localisation of SHand CSR-coupled proteins on class switch regions of the Igh locus. BCR activation
reduces interactions between some proteins in the complex and increases other interactions in the complex with varying kinetics, and it leads to differential changes in
the localisation of SH- and CSR-coupled proteins on switch regions. These findings
provide beginning evidence for a mutasome, a complex(es) between many proteins
that enable DNA repair at high error rate on Ig genes but not on most other genes.
We show also that both ETS1 and PAX5 can directly recruit AID to DNA sequences
from the Igh locus with the specific binding site for the transcription factor. The
role of E2A in the processes will also be discussed.
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Zooming in Hi-C maps with Convolutional Neural Networks
Lucas Hedström and Ludvig Lizana
Umeå University, Sweden

Hi-C technology is a popular tool for studying the 3D genome organization. However, the resolution of Hi-C is limited by several factors. Such as, for example, the
size of restriction fragments. Presently, insufficient sequencing depth limits the resolution of Hi-C to 1kb. To achieve higher resolution, the links between unknown
contacts has to be predicted. Since these connections are not trivially distributed
between different resolutions, some interpolation method has to be used to correctly
predict these unknown probabilities. We trained a neural network to increase the resolution of Hi-C images, where the number of base pairs per pixel is doubled between
the input and output. We are able to show that our results are mostly invariant to
the details of the training data, such as resolution or chromosome, and that TAD’s
are approximately retained as we increase the resolution. The network outperforms
regular interpolation methods (like bicubic upscaling), which shows that there are
structures in the high-resolution data that can not be trivially interpolated from
low-resolution data.
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Predicting regulators of T helper cell gene expression
Johan Henriksson
Umeå University, Sweden

Our goal is to find which genes are of key importance to drive activation and differentiation of human CD4 T helper cells. Some genes such as the transcription
factors control a large set of genes sharing common regulatory motifs. Here we develop a model to find such genes by using a list of putative targets and providing
measurements from a large number of conditions. From ATAC and RNA-seq of
in vitro T helper cell differentiation, we recover the most important transcription
factors. Further our model predicts important RNA-binding proteins. This shows
the potential of the model and several additional modalities can be integrated to
give further predictions.
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Histone H2A ubiquitination is not required for
PRC1-mediated H3K27 tri-methylation in the liverwort
Marchantia polymorpha
Shujing Liu, Magnus Eklund, Claudia Köhler and Lars Hennig
Swedish University of Agricultural Sciences, Sweden

Monoubiquitination of histone H2A (H2Aub) is considered as a repressive epigenetic mark deposited on the C-terminal lysine of H2A by the Polycomb Repressive
Complex 1 (PRC1). H2Aub marks are widespread in Arabidopsis and often colocalizing with H3 lysine 27 tri-methylation (H3K27me3) which is catalyzed by the
PRC2 complex. H2Aub by the PRC1 promotes H3K27me3 by PRC2 and is generally independent of PRC2 activity (Zhou et al., 2017, Tamburri et al., 2020). The
widespread distribution of H2Aub on active and repressed genes raises the question
of whether this modification is indeed connected to gene repression. We therefore
set out to test whether removal of target sites for H2Aub would have similar effects
as loss of PRC1 function. The liverwort Marchantia polymorpha has only one H2A
encoding gene, in contrast to Arabidopsis thaliana, which has four homologs. We
introduced H2A variants with mutated lysine 115 and 116 or lysine 119 into an
H2A deficient background of M. polymorpha. Mutating either lysine 115 and 116
or lysine 119 caused a dramatic reduction of H2Aub levels, suggesting that all three
lysines can be ubiquitilated. The H2Aub depleted mutants show morphological defects, revealing functional relevance of H2Aub. Mutants of the PRC1 component,
BMI1, in M. polymorpha also had substantially reduced H2Aub levels and even
more severe morphological defects. However, while Mpbmi1 mutants had strongly
reduced H3K27me3 levels, H2Aub depleted mutants were not affected in H3K27me3
deposition, suggesting that H2Aub is not required for PRC1-mediated H3K27me3
deposition and gene repression.
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Early embryonic heat shock results in rapid changes of
small non-coding RNA and long-term epigenetic memories
in Drosophila.
Lovisa Örkenby, D. Nätt, S. Skog, U. Kugelberg, R. Ramesh, M. Roth and A. Öst
Linköping University, Sweden

Exposures to stress during development can have long-term consequences for the upcoming adult phenotype. However, the timing of the exposure is crucial to achieve
such abiding effects. We used heat shock interventions in a position effect variegation Drosophila strain and found that stress in the vulnerable, early embryonic
pre-cellular stages gives loss of heterochromatin at the white locus in adults. Like
most insects, the early Drosophila embryo undergoes a series of rapid mitotic events
without cytokinesis. The parental epigenetic signatures becomes almost completely
depleted to enable zygotic epigenetic patterning and further cell proliferation. The
specificity of zygotic de novo establishment of the epigenome is in general poorly
understood and also how this process can be influenced. We hypothesized that guiding small non-coding RNAs (sncRNAs), which functions as molecular regulators and
can influence chromatin state, are involved in this process. To investigate what sets
the sensitive period apart from others, we performed high throughput sncRNA sequencing of the first five stages of embryogenesis. We found that the sncRNA-profile
during this period is accompanied by rapid temporal changes with the most striking
effects found within the miRNA family.We further sequenced sncRNA in cellularized, stage 5 embryos after one exposure to heat shock during the sensitive period.
We found that several maternally provided miRNAs was significantly upregulated,
compared to non-exposed controls. This finding lead us to hypothesize that heat
shock interfere with the degradation process of maternal transcripts. This, in turn,
may lead to abnormal decay of targets, possibly also epigenetic factors, during heterochromatin formation and result in altered epigenetic patterning.
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Binding partners of autosome-specific POF protein in
Drosophila melanogaster
Denise Rawcliffe, Maria Kim and Jan Larsson
Umeå University, Sweden

The phenomenon of dosage compensation can be exemplified by the random inactivation of one human X chromosome if it, at an early embryonic stage, is accompanied by at least one more X chromosome. Without this inactivation there would
be twice the number of active X chromosome genes in the females compared to the
males. The inactivation therefore compensates for this otherwise uneven dosage of
active genes on the X chromosome. In Drosophila melanogaster (Dm) there is also
a dosage compensation system that targets sex chromosomes. Here, the transcription output from genes on the single male X chromosome is doubled in order to
solve the otherwise unbalanced number of active X chromosome genes. The male
X-chromosome is recognized by the male-specific lethal (MSL) complex, together
with the two non-coding RNAs roX1 and roX2. The chromosome-specific recognition results in acetylation of H4 at lysine 16, which partly explains the subsequent
hypertranscription of the male X-chromosome. My projects is focused on the first
identified autosome-specific protein, Painting of Fourth (POF). POF specifically
recognizes and binds to the smallest ( 5 Mb) of the Dm chromosomes, chromosome
4. Chromosome 4 is highly heterochromatic but has a gene density that is similar
to that of the other Dm chromosomal arms. The chromosome has a high content
of transposable elements and under normal conditions it does not undergo meiotic
recombination and it replicates late. Inserted reporter genes display a partially silenced expression due to the transcriptionally repressive environment. Chromosome
4 is enriched in the heterochromatic histone modification H3K9me and Dm flies can
survive with just one copy of this chromosome. Dm flies can also survive without
POF but not if they also only have one copy of chromosome 4. My project aims to
identify protein binding partners of POF in order to further elucidate its specificity
for chromosome 4.
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Non-coding transcripts, IGS32as and IGS38s, regulate
rDNA and upstream spacer promoter
Kanwal Tariq, Stefanie Böhm, Jaclyn Quin, Judit Domingo Prim, Sonja Peter,
Anna Vintermist, Antoni Ganez Zapater, Neus Visa and Ann-Kristin Östlund
Farrants
Stockholm University, Sweden

Human rDNA exists in multiple genetic and epigenetic states. This allows cells to
regulate rRNA transcription as well as maintain the nucleolar architecture for diverse functions. Noncoding RNAs arising from the rDNA repeats, such as pRNA
and PAPAS, have been previously reported to regulate 45Spre-rRNA transcription
by coordinating with chromatin remodelling complexes. In the present study, we
establish the function of two novel IGS lncRNAs; IGS32as and IGS38s, in regulating
rDNA repeats. Our data demonstrates that both lncRNAs are required for maintaining the rRNA levels in the cells. IGS32as, a PolI transcript, interacts with HP1a
and recruits it to the 45S rRNA promoter. Hence, we hypothesize a role for IGS32as
in establishing a poised/ inactive rDNA state. In contrast, IGS38s maintains an accessible chromatin conformation at the rDNA promoter while keeping the upstream
spacer promoter comparatively inaccessible. This allows the RNA Pol1 machinery
to proceed with the rRNA transcription.
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Genetic wiring maps of co-acting transcriptional factors in
single cells
Eva Brinkman, Alisa Alekseenko and Vicent Pelechano
Karolinska Institute, Sweden

Gene expression is a fundamental process whereby genetic information is expressed
to control cellular identity and plasticity. Remarkably, in isogenic cell populations
heterogeneity in gene expression is often found. This phenomenon is thought to
be of importance for cell survival. In the context of cancer, these fluctuations may
lead to the appearance of rare cells in the population capable to survive treatment.
Since the emergence of drug resistance is a major challenge in disease treatment it is
important to understand how heterogeneous gene expression occurs and is regulated
in at a single cell level. Transcription is driven by transcription factors (TFs), which
in turn recruit cofactors (CoFs), thereby modulating gene expression. However,
currently it is not possible to study the effect of the various possible TF/CoFs
pairs in single cells directly. This project will contribute to solve this problem and
aims to develop a method that can simultaneously quantify (unknown) co-occurring
TF/CoF pairs and the transcriptome at single cell resolution. Linking TFs/CoFs
interactions with the phenotypic appearance of the cell may provide new insights in
the regulation of gene expression in eukaryotes. Moreover, our approach may reveal
interactions that only arise in a subset of the cell population, that remain hidden
in bulk studies. Our method can be applied to any other set of protein-protein
interactions, opening avenues for future research.
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Knocking-in to knocking-out: Generating conditional
METTL3 knock-outs using auxin inducible degron system
Paula-Petronela Groza and Francesca Aguilo
Umeå University, Sweden

Breast cancer is an heterogenous disease affecting both women and men world-wide.
Among the causes of development and progression of breast cancer only 10% are due
to genetic predisposition or mutations. METTL3 represents the methyltransferase
with major role in deposition of m6A modification at the RNA level and is associated
with cancer development and progression in both m6A dependent and independent
manners. In breast cancer, however, the role of METTL3 was not clearly established,
yet [1,2]. Research had shown that genomic METTL3 knock-out is lethal. Therefore, developing conditional knock-outs is necessary for deciphering the down-stream
effects of METTL3 inactivation and ultimately characterize the role of METTL3 in
breast cancer cells. Auxin-inducible degron system (AID) is a natural plant mechanism which promotes protein degradation by proteasome and it can be applied to
mammalian cells [3]. Fusing the auxin dependent destabilizing domain (degron) to
METTL3 will allow rapid depletion of the protein and characterization of its role in
breast cancer progression and development.
REFERENCES: 1. Wu L, Wu D, Ning J, Liu W, Zhang D. Changes of N6methyladenosine modulators promote breast cancer progression. BMC Cancer.
BMC Cancer; 2019;19: 1 12. doi:10.1186/s12885-019-5538-z. 2. Wang H, Xu
B, Shi J. N6-methyladenosine METTL3 promotes the breast cancer progression via
targeting Bcl-2. Gene. Elsevier; 2020;722: 144076. doi:10.1016/j.gene.2019.144076.
3. Natsume T, Kiyomitsu T, Saga Y, Kanemaki MT. Rapid Protein Depletion
in Human Cells by Auxin- Inducible Degron Tagging with Short Homology Resource Rapid Protein Depletion in Human Cells by Auxin-Inducible Degron Tagging with Short Homology Donors. CellReports. The Authors; 2016;15: 210 218.
doi:10.1016/j.celrep.2016.03.001.
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National Genomics Infrastructure - Next-Generation
Sequencing and Genotyping for Swedish Research
Kristina Benevides
NGI/SciLifeLab, Sweden

The National Genomics Infrastructure (NGI) is the largest technical platform withinSciLifeLab and provides access to technology for massively parallel/next generation DNA sequencing, genotyping and associated bioinformatics support. The
platform comprises two nodes: NGI Stockholm and NGI Uppsala (SNP&amp;SEQ
Technology Platform and UppsalaGenome Center). Next-generation DNA sequencing techniques can be used for a variety of studies: wholegenome resequencing, de
novo sequencing, targeted, transcriptome profiling including quantification and identification of transcript isoforms and miRNAs, ChIP-Seq to detect transcription binding sites across the genome and targeted sequencing of amplicons such as 16S rRNA
genes and metagenomic sequencing of microflora genomes. NGI provides options
for both short-read and long-read sequencing. Modern genome analyses critically
depend on expertise in computational biology (e.g.bioinformatics, biostatistics, and
theoretical systems biology). Such expertise is closely integrated with the National
Genomics Infrastructure unit hosted at SciLifeLab in order to optimize throughput,
data handling, and basic analysis.
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Regulation of RNA Pol I transcription and its effects
Yuan Guo, Kanwal Tariq, Xin Xie, Michaela Keuper, Pergiorgio Percipalle, Martin
Jastroch and Ann-Kristin Östlund Farrants
Stockholm University, Sweden

Several RNA Pol I specific inhibitors have shown promise as potential new cancer
drugs. The drugs CX-5461, BMH-21 and ActD have shown to target RNA Pol
I transcription at transcription activation through G-quadruplex stabilization and
subsequent p53 activation. B-WICH complex has been demonstrated to be important in establishing an open chromatin structure in order to allow de novo Pol I
transcription. By investigating RNA Pol I inhibitors as well as a more physiological
approach of Pol I transcription initiation through B-WICH knock down, we hope to
understand the cellular responds following energy independent ribosomal biogenesis
inactivation.
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Targeting Polycomb to human genome.
Tatiana Kan, Juan I. Barrasa, Moa Lundkvist and Yuri B. Schwartz
Umeå University, Sweden

Polycomb proteins are epigenetic repressors essential for development of all multicellular organisms. They act as two major multi-subunit complexes: PRC1 and
PRC2. Both complexes bind target genes and are essential for the repression. There
are several rival models of how PRC1 and PRC2 are targeted to human genes with
very different hierarchies of the process. We have previously discovered a PRC1
Targeting Element (PTE), 1 kb DNA element upstream of the CCND2 gene, which
is able to re-create PRC1 binding site if inserted elsewhere in the genome. To screen
for all human PTEs we have mapped PRC1 and PRC2 complexes in two different
human cell lines. Using improved ChIP-seq protocol we were able to detect high
affinity sites for PRC1 (PTEs) and PRC2 (PRC2 Occupied CpG islands POCs). All
selected PTEs and POCs were able to re-create binding site for PRC1 or PRC2, respectively, in a transgenic assay. Our data indicate that PRC1 and PRC2 complexes
recognize their own DNA elements and suggest alternative hierarchy of Polycomb
recruitment in humans.
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Investigating the role of the m6A machinery in ovarian
cancer
Ghazala Khan and Francesca Aguilo
Umeå University, Sweden

Abnormal genetic changes and alteration of epigenetic marks (such as DNA methylation) results in aberrant transcriptional processes that dictate cancer development.
In recent years, RNA modification has been shown to constitute another layer of
regulation, which has only begun to be explored within the field of cancer. Among
more than 170 known chemically distinct RNA modifications, N6-methyladenosine
(m6A) is the most prevalent internal modification in mammalian mRNAs. m6A is
a reversible mark that is dynamically regulated by a group of enzymes and cofactors, known as writers, erasers and readers, playing important roles in regulating
diverse biological processes. Ovarian cancer (OC) is known as the silent killer since
it is normally not detected until the late stages. Diagnosis at stage 1 has a 90%
survival rate however at stage 4 this reduces to around 20% with the majority of
OC related deaths due to metastatic disease rather than the primary tumour. Once
metastasized, the treatment is no longer effective in most patients and the mortality
rate is high. Using knockdown studies in OC cell lines and immunolabelling OC
patient samples we wish to elucidate the functional importance of m6A RNA modification in tumorigenesis, tumour progression, and metastasis of OC and develop an
expression profile of the m6A machinery. A key goal is to utilise clinical models to
better understand the mechanism of action in order to develop targeted therapies.
Probing the mechanisms of OC initiation as well as metastatic disease will provide
much needed markers of disease and survival.
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Regulation of Fgf8 in the midbrain hindbrain boundary in
the zebrafish
Ana Rosa López-Pérez, Jose Antonio Lozano-Villegas, Jonas von Hofsten and
Andreas Hörnblad
Umeå University, Sweden

Cerebellar hypoplasia is associated with a number of congenital malformation syndromes but can also be non-syndromic. Misregulation or loss of Fgf8 expression is
likely involved in several types of cerebellar agenesis or hypoplasia. To elucidate
the regulatory logic of this key molecule in midbrain-hindbrain development, we
aim to functionally investigate the regulation of Fgf8 in the MHB in the zebrafish
and compare the functional units of the mouse, human and zebrafish CE64. This
can provide insight in the aetiology and mechanisms underlying congenital disorders
affecting the cerebellum and posterior hindbrain.
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Modelling of histone methylation by Polycomb complexes
with minute-scale precision.
Moa Lundkvist, Ludvig Lizana and Yuri B. Schwartz
Umeå University, Sweden

Polycomb proteins are critical epigenetic regulators of metazoan development. They
form two major complexes, Polycomb Repressive Complex 1 (PRC1) and Polycomb
Repressive Complex 2 (PRC2). PRC2 can add up to three methyl groups to Lysine 27 of histone H3 (H3K27), which is necessary for its function. PRC2 works in
two ways. First, it randomly methylates the inactive genome, so-called hit-&-run.
Second, it is tethered to genomic sequences called Polycomb Response Elements
(PREs), which target repression to specific genes. We model the dynamics of epigenetic repression by PRC2 in replicating Drosophila melanogaster cells. To this
effect, we represent chromatin as a string of nucleosomes, each with two methylation sites, which can have 0-3 methyl groups attached. Using measured values, we fit
the parameters so that the model reproduces the average methylation state across
the genome. Our main parameters are the methylation rates for adding the first,
second, or third methyl group, and allosteric stimulation. We further expand the
model to include targeted methylation by introducing two new parameters. These
represent increased methylation rates when PRC2 is bound to a PRE and increased
contact frequencies between PREs and neighboring tri-methylated chromatin. In
the current state, the model recapitulates H3K27me3 profiles around Polycomb regulated genes and sets the framework to answer questions that cannot be addressed
by experiments alone. For example, how quickly the H3K27 methylation profiles
form during fly development, how strongly PREs need to tether PRC2 to enable
repression, and so on.
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Computational Modelling of Polycomb Bodies in Fruit Fly
Negar Nahali, Yuri B. Schwartz and Ludvig Lizana
Umeå University, Sweden

Polycomb proteins regulate master genes that control the body plan during embryo
development. From immuno-staining experiments and Hi-C, we know that some of
these genes co-localise in the nucleus. In some cases, the co-localisation leads to large
aggregates of Polycomb proteins – so-called Polycomb bodies. It is an open problem
for how and why such bodies form but in some cases co-localisation correlates with
repression. Here, we study in which conditions we get the aggregated bodies.
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Chromatin-bound DEK proteins regulate PRC2 target
genes
Miyuki Nakamura, Maria Derkacheva, Matthew Gentry, Claudia Köhler and Lars
Hennig
Swedish University of Agricultural Sciences, Sweden

The Polycomb repressive complex2 (PRC2) regulates conditionally expressed genes,
such as developmental-regulatory genes and environmental-responsive genes through
applying the histone H3K27me3 modification. The LIKE HETEROCHROMATIN
PROTEIN 1 (LHP1) protein, which is a plant homolog of HETEROCHROMATIN
PROTEIN1 (HP1), is associated with PRC2 and contributes to silence PRC2 target genes in Arabidopsis. We previously identified DEK proteins as interactors of
LHP1. DEK proteins are known as chromatin-associated proteins and have been
implicated to be involved in the recognition and alteration of DNA topology. DEKs
were reported to be upregulated in different human tumor cells, nevertheless, the
knowledge of the molecular function of DEK proteins is limited so far. DEK proteins are conserved between mammals and plants and the Arabidopsis genome has 4
DEK genes. A triple dek mutant displayed no obvious abnormal morphological phenotypes, except that it was slightly earlier flowering. However, the dek mutations
strongly enhance the dwarfed and terminal flower phenotypes of the lhp1 mutant.
In addition, the lhp1;dek multiple mutant showed mis-expression of some Polycomb
target genes. Thus, DEKs genetically interact with LHP1 and affect the expression
of Polycomb target genes.
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Paternal high-sugar diet cause a shift in developmental pace
and upregulation of mir-309 in Drosophila embryo
Signe Skog, L. Örkenby, D. Nätt, U. Kugelberg, R. Ramesh, M. Roth and A. Öst
Linköping University, Sweden

Introduction: As obesity is increasing worldwide, so is sperm quality decreasing
in reciprocal populations. Studies in human and mice show that sperm carries
tRNA derived fragments that are responsive to dietary changes, but data of how
this further affects the embryo is sparse. This led us to investigate the small RNA
transcriptome in early fly embryos where fathers have been exposed to a normal
or high sugar diet. Furthermore, we studied how this paternal diet affect the developmental tempo. Methods: Male files of strain wm4h were exposed to diets
differing in sugar levels and mated with control virgin females. Drosophila embryos
in a pre-gastrulatory state were harvested for small non-coding RNA sequencing by
NebNext library preparation and Illumina sequencing. Additionally, hatching from
egg to larvae was carefully timed using light microscopy. Bioinformatic analyses
were executed in Bash with Cutadapt, FastQC and SPORTS1.0, followed with differential expression analysis in R with RPM and Deseq2. Results: Preliminary data
show a strong upregulation of an early miRNA cluster dme-mir-309 in embryos with
a paternal high sugar diet. This cluster is known as a strong zygotic mediator of
the breakdown of maternal transcripts. Additionally, we see a prolonged hatching
of Drosophila embryos to the larvae stage with approximately 30 minutes, a massive
increase given that Drosophila embryogenesis spans only 24 hours. Conclusion: Albeit too early to draw a final conclusion, data show an intriguing temporal shift in
Drosophila embryogenesis after paternal high sugar consumption for two days prior
mating. Sequencing data show a strong upregulation of dme-mir-309 cluster in fly
embryos from a high sugar father. Whether this upregulation has any biological
connection to the lagging phase of development will be further studied.
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Functional Dissection of Putative Enhancers Involved in
Glioblastoma
Craig Vincent, Itzel Nissen and Silvia Remeseiro
Umeå University, Sweden

Glioblastoma (GBM) is the most lethal and aggressive of all primary brain tumors
(5-year survival rate=3-5%), but also the most common and malignant variant in
the wide spectrum of gliomas. GWAS (Genome-Wide Association Studies) have
identified a number of specific susceptibility loci in GBM vs non-GBM tumors, of
which many are located within non-coding regions enriched in putative regulatory
elements (e.g. enhancers, which can act on their target genes over large genomic
distances). Despite that, the mechanistic contribution of the non-coding regulatory
genome to glioblastoma remains largely unexplored. Our current focus is on several
SNPs located in the EGFR and ZBTB16B loci, which are associated to GBM and
non-GBM gliomas, respectively. Preliminary results, including enhancer reporter assays and ChIP (Chromatin ImmunoPrecipitation) for active and repressive enhancer
histone marks, suggest that the regions surrounding the SNPs have regulatory potential. In silico analysis revealed other enhancer features, such as prediction to
interact with the corresponding gene promoter or high sequence conservation. Motif search analysis points to Nerve Growth Factor IB (NGFI-B)-related receptors as
the transcription factors that potentially bind the regulatory regions in the proximity of some of the SNPs. Current studies aim to dissect this regulatory network and
evaluate the effect of CRISPR-enhancer targeting (i.e activation, repression) in the
EGFR and/or ZBTB16B gene expression and its subsequent impact on proliferation
and invasiveness. The ultimate goal is to modulate the proliferative/invasive capacity of glioblastoma cells through CRISPR-enhancer targeting of key glioblastoma
genes.
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METTL3 mediated N6 methyladenosine in breast cancer
Devi-Prasad Bhattari, Cyrinne Achour, Sandhya Malla and Francesca Aguilo
Umeå University, Sweden

N6-methyladenosine (m6A) is the most abundant modification in eukaryotic mRNAs and long non coding RNA (lncRNA) and is essential for various RNA processing events such as development, disease progression and its control. m6A modification is carried out by m6A methyltransferase complex (METTL3/14, WTAP,
RBM15/15B and KIAA1429), also known as ”writers”, reverted by demethylases
(FTO and ALKBH5, known as ”erasers”) and this m6A modification is recognized
by ”readers” proteins (YTHDF1/2/3, IGF2BP1 and HNRNPA2B1). Dysregulations
of the dynamic m6A modification is involved in different types of cancer including
glioblastoma, lung and breast cancer, among others. Breast cancer is one of the
most diagnosed disease among women and the main cause of cancer death. Understanding the role of m6A modification in breast cancer may help to find suitable
treatment for the disease. To study how m6A-modified mRNA can contribute to
breast tumorigenesis, we found that knockdown of METTL3 in breast cancer cell
lines, decreased the cell proliferation rate, and increased apoptosis. Meanwhile, by
mass spectrometry analysis, m6A level decreased in METTL3 knockdown breast
cancer cells. To identify the RNA bound to METTL3 in breast cancer we are applying photoactivatable-ribonucleoside-enhanced crosslinking and immunoprecipitation
(PAR-CLIP). Furthermore, m6A immunoprecipitation followed by sequencing was
used to determine m6A sites in mRNA that are direct target of METTL3. With the
identification of individual m6A modified RNA target in breast cancer, may help to
dissect the role of m6A in this disease.
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Chromatin profiling of transcription factor binding sites in
Arabidopsis endosperm using CUT&RUN
Yangtao Gu, Yangtao Gu, Juan Santos-González and Claudia Köhler
Swedish University of Agricultural Sciences, Sweden

Cleavage Under Targets and Release Using Nuclease (CUT&RUN) is a novel chromatin profiling technique based on a Protein A-Micrococcal Nuclease (pA/MNase)
fusion protein that is targeted by a specific antibody. Upon activation of the
MNase with calcium, targeted sites will be cleaved and released into solution. So
far, CUT&RUN for transcription factors has not been reported in plants. We applied this new chromatin profiling strategy for the MADS-box transcription factor
PHERES1 in the Arabidopsis endosperm, where differential epigenetic changes on
the maternal and paternal genome play an important role for endosperm development. By comparing ChIP-seq data and CUT&RUN-seq data for PHERES1, 71%
of PHERES1 targets from ChIP have been detected by CUT&RUN and there were
more than 3700 additional targets identified by CUT&RUN. Compared to ChIP,
CUT&RUN data have substantially lower background, facilitating target identification. Together with the low starting material requirement for CUT&RUN and the
easier experimental procedure, CUT&RUN is the superior strategy for chromatin
profiling of transcription factors.
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Characterization of host-pathogen interaction on the
single-cell level
Nicolo Lazzaro, Johan Ankarklev, Antonio Barragan and Johan Henriksson
Umeå University, Sweden

Single-cell analysis provides an unbiased view of the states of cells. Here we apply
it to investigate the host-pathogen interaction in T. gondii-infected mouse dendritic
cells. Two species, representing type I and type II toxoplasma, were measured at
multiple time points. From this data we have been able to tell which genes change
over time, and how they react differently between the two species. The data is
provided in an online browsable resource.
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EASI-Genomics - providing easy and seamless access to
cutting-edge DNA sequencing technologies to researchers
from academia and industry
Elı́sabet Einarsdottir
NGI/SciLifeLab, Sweden

The EASI-Genomics consortium has directly evolved from the ESGI (European Sequencing and Genotyping Infrastructure EU FP7 2007-2013 Infrastructure Project.
Eight ESGI partners are now members of this consortium, while another eight partners with complementary expertise have joined EASI-Genomics and can help the
former joint infrastructure reach the next level in its implementation.
The National Genomics Infrastructure (NGI) is a technology platform within
SciLifeLab and is one of the most competitive genomics platforms in Europe. NGI
Stockholm will provide, as part of the EASI-Genomics framework, transnational
access to de novo sequencing, using a linked-read sequencing and HiC combination approach, RAD-seq, and 10 X Genomics Spatial Transcriptomics (Visium).
NGI Uppsala SNP&SEQ Technology Platform will contribute to EASI-Genomics
by providing Transnational Access to 3’- and 5’-single-cell transcriptome sequencing, epigenetic sequencing, including low input DNA epigenetic sequencing, and de
novo long-range sequencing of mammalian-sized genomes.
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Practical information
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